ONE

LESSON

NAVIGATION AND TRAJECTORY

About This Lesson

In Activity One students represent the orbital path
of Earth and Mars through dramatic group
demonstrations.

In Activity Two students working in pairs plot the
paths (trajectories) of a spacecraft traveling
between Earth and Mars in the year 2018 and
returning in 2020. These paths use the minimum
amount of fuel, and take about six months to fly
from one planet to the other.

Objectives
Students will:

consider the relationships of the planets a
they move around the Sun.

consider expenditure of time/fuel for
payload in space travel.

develop awareness of what actually
happens on minimum fuel orbits.

plot the paths of spacecraft leaving Earth
in 2018 for Mars and leaving Mars in 2020
for Earth.

Background
Major considerations for traveling to Mars are the

amount of time the trip takes, the amount of fuel
needed for the trip, and the size of the payload.
fast trip would be advantageous to the crew by

reducing the time they are exposed to weightlesst
ness, radiation, and other dangers inherent to space

travel. However, fast trips require more fuel and
that means less payload. People, equipment, an
supplies would be reduced as larger amounts of
fuel are carried to increase the speed of the trip.

Earth and Mars move at different speeds around
the Sun. The Earth completes its solar orbit ever,

365 days while Mars completes its orbit every 687

days. This happens for two reasons. First, the
Earth is closer to the Sun so it travels less distan
Secondly, it travels faster in its orbit. Planets
closer to the Sun travel faster.

GETTING THERE!

ACTIVITY ONE —

Vocabulary
orbit, trajectory

192}

DANGCING WITH THE
PLANETS

Materials
U Student Procedurdancing with the
Planets(pg. 7), one per group
U costume and prop materials as needed

\ Procedure
Advanced Preparation

1. Read background and Student Procedure.
Research other sources of information as
needed.

) 2. Gather materials.
3. Determine the time and space limitations

that will best fit the learning situation.
Classroom Procedure

1. Divide the class into groups of 4-6.
Y 2. Hand out the Student Procedure.
3. Discuss the time and space limitations for
groups to consider in planning their
Ce. dramatic demonstrations. Encourage the
use of music, props, and choreography.
4. Allow adequate time for presentation and

discussion of observations.
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ACTIVITY TwO —

PLOTTING THE PATHS
OF SPACECRAFT

Materials

O Student Procedur@]otting the Paths
of Spacecraffpg. 8)

O Student Sheetgarth to MarsandMars
to Earth(pgs. 9-10)

O pencils

O drawing compass

O Teacher Answer Key (pgs. 5-6)

Procedure
Advanced Preparation
1. Gather materials.
2. Review background.

Classroom Procedure

1. Have students share familiar experiences
that require aiming at a moving target.
Their examples might be passing a footbal
catching a fly ball, driving vehicles in paths
to avoid being hit, or playing dodge ball.

of the movements.

2. Have students work in pairs. They may
switch jobs for each plotting exercise.

3. Hand out Student Procedure and Student
Sheets.

Suggested Questions

3. Complete the plotting exercise for practice.

Lead students to discuss the how and why

1. What are the orbital challenges of traveling from one planet to another?

2. What are some possible paths for a spacecraft traveling from Earth to Mars?

3. What could make a spacecraft get to Mars faster?

4. What are some of the problems considered by engineers and scientists as they design trips to

4. Help students become familiar with the
data. Check for understanding. Itis
essential that students understand that Egth
and Mars are moving and that the slashes
on the Earth orbit represent the first of eagh
month.

5. Help students plot the first date —
May 11, 2018.

Note When plotting the distance from Sun poir
the compass point is always put on the Sun
when plotting the distance from Earth, the
compass pointis putin a different place eac
time. The point should be put on the slash
mark that represents where the Earth will be
located on that date.

<

=

5. Make answer keys available to students 4o
they can check their work. If their orbits
are not similar to the answer key,
encourage them to redo the procedures t
find their error.

6. Instruct students to apply the proceduresfo
plot the return to Earth.

7. Closing discussion should encourage
students to think about how a six month
flight effects planning trips to Mars.

1=

More background information is contained in
the Destination: Mars Educational video. Se
pg. 2 to order.

\174
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EARTH TO MARS

TEACHER ANSWER KEY

Orbit of Mars

Orbit of Earth

Launch 5/11/18

Earth at landing
Mars at launch

Landing 11/27/18
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MARS TO EARTH

TEACHER ANSWER KEY

Orbit of Mars

Orbit of Earth

march——t—"obryq,

Earth at launch 121

Mars
at landing

Launch 5/30/20
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STUDENT PROCEDURE

DANCING WITH THE PLANETS

-

Student Procedure V@$ N
As scientists and engineers plan for travel to \ﬁ,{?&r /

other planets, they have to deal with some
basic planetary science.

<> Earth and Mars move at different speeds around the Sun.

<> Earth’s orbit is about 150 million kilometers (km) from the Sun.
<> Mars’ orbit is about 200 million km from the Sun.

<> Earth completes a solar orbit every 365 days.

<> Mars completes a solar orbit every 687 days. (The difference in orbit tim
is about a 2 to 1 ratio Mars/Earth.)

<> Earth completes its orbit in shorter time because it is closer to the Sun ahd
has less distance to travel.

<> Earth travels faster in its orbit. Planets closer to the Sun travel faster.

D
n

Using these facts, demonstrate dramatically the movement of Earth and Mars ajound
the Sun. Incorporate music, costumes, and props in your demonstration for agded
effects. Your group may gather other information about Earth and Mars. Make your
presentation scientifically accurate demonstrating as many facts as possible.
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STUDENT PROCEDURE

PLOTTING THE PATHS OF SPACECRAFT

Student Procedure
1. Locate the following on theEarth to Mars Student Sheet;
* Earth and Mars orbit paths « the Sun
» Earthand Mars onlaunch date e« the scale in millions-of Kilometers(km)
* Earth and Mars on landing date  « the location of Earth on the first of each month
2. Review the Spacecraft Position Data Table at the bottom B&rth to MarsStudent Sheet.
The Data Table shows the position of the spacecraft on the first day of each month.
The first column is the distances of the spacecraft from the Sun in million km.
The second column is the distances of the spacecraft from the Earth in million km.
Note: Remember the Earth is moving. Each month it will be in a different place.
3. Plotthe path (trajectory) of the spacecratft.
a. Putthe point of the compass on 0 on the scale and extend the angle until the pencil
the firstdistance from Sumeasurement given in the Data Table (152 million km). Pick

paches
up

the compass and place the point on the Sunin the diagram. Line the compass up with the

first date given. Strike an arc.

b. Since thealistance from Eartimeasurement is 0, the first point is wheredisgance from
the Surarc crosses Earth’s orbit.

c. Using the second set of data, measurdittance from the Sya55 million km) on the
scale with the compass. Place the compass point on the Sun and draw a circle. Mea
distance from the Eartfb million km) on the scale with the compass. Place the point
the compass on the June 1 slash mark and draw aNwodlee that there are two points
where the circles intersect. Choose the intersection which is closest to the launch
site. This intersection represents the location of the spacecraftabel location with
the date (June 1).

d. Repeat this process using each set of data. Each time, the intersection that is neare
launch site represents where the spacecratt is located on that date.

e. Repeat these steps with each set of measurements on a given date.

f.  When all 8 points have been plotted, connect the points. This line is the path the spa
will follow on its trip to Mars.

4. Using the key, check that your line is similar to the modellf the two lines differ, find the
place in the process where the error occurred. Make sure you understand the process
going to step 5.

5. Plot the trajectory of the return trip to Earth from Mars using the second diagram and
Data Table. Follow steps 1-4.

6. A minimum fuel trip between Earth and Mars takes about 200 day3-hink about how this

sure the

Of

r the

cecraft

pefore

effects planning trips to Mars. Because of this long time in space, what must happen? VYhat

cannot happen? What might happen? These are the questions that mission planners m
answer. What are other questions that might be asked about planning trips with minimun
orbits?

ISt
fuel
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EARTH TO MARS

STUDENT SHEET

Orbit of Mars

Orbit of Earth

F
oot
QO
& %

Launch 5/11/18

Mars at launch

Landing 11/27/18
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million km

Spacecraft Position Data Table

Distance from Earth

Distance from on this date

Date Sun (million km)  (million km)
(1) May 11,2018 152 0 Launch from Earth
(2) June 1 155 5
(3) July 1 164 12
(4) Augi 176 25
(5) Sep1 188 46
(6) Oct1 199 76
(7) Nov 1 208 113
(8) Nov27 213 147 Landing on Mars
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MARS TO EARTH

STUDENT SHEET

Orbit of Earth

March I Feb,-ua’y

Ma

Earth at launch

Mars
at landing

Launch 5/30/20
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million km

Spacecraft Position Data Table

Distance from Earth
Distance from on this date

Date Sun (million km)  (million km)
(1) May 30, 2020 212 153 Launch from Mars
(2)  July 1 207 115
(3) Augi 198 80
(4) Sepi 187 50
(5) Oct1 174 28
(6) Nov 1 161 14
(7) Dec1 151 4
(8) Dec16 148 0 Landing on Earth
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